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度之间的关系。我们发现对于 Pd、Pt 壳层纳米粒子，当厚度小于 20 nm 时，粒
















球。金种覆盖度的提高使得我们可以制备最薄壳层厚度为 8 nm 的金壳层纳米粒
子。在此基础之上，我们研究了单粒子在 CCl4 中的光学性质，我们发现当壳层


































Metallic nanoparticles (NPs) with typical dimensions of the wavelength of light 
and below will support fascinating optical resonances. Particularly, localized surface 
plasmon resonance (LSPR), which essentially derived from spatially confined free 
electron oscillations that are resonant with incident photon frequency in noble-metal 
NPs and assemblies, is one of the most crucial ingredients in emerging new fields of 
nano-optics. A variety of promising applications have been found through extensively 
exploring the property of LSPR, including biosensing, optical antennas, plasmonic 
waveguides, and surface enhanced spectroscopy (surface enhanced Raman scattering 
(SERS), surface enhanced infrared absorption, surface enhanced fluorescence and so 
on). 
Core-shell NPs, consisting of metallic shells on dielectric cores, exhibit 
properties conspicuously different from their homogeneous counterparts. For instance, 
the plasmon resonance spectrum of metallic nanoshells can be tuned in a wide optical 
region by judiciously varying the shell thickness and/or core size. The unique optical 
properties promote metallic nanoshells a vibrant interest in nanoscience, promising 
for numerous technological applications including biosensing, photonic materials and 
surface enhanced spectroscopes. However, few previous works have, so far, 
investigated the optical properties of metal core-shell NPs made from Pd and Pt, 
despite their importance in many catalytic reactions. Furthermore, influences of much 
thicker shell and interparticle distance on the optical properties of metallic nanoshells 
have not been reported. 
In the second chapter, optical property of SiO2@Pd and SiO2@Pt core-shell 
nanoparticles (NPs) with varying shell thickness are investigated experimentally and 
theoretically for the first time, combined with a systemic comparison with that of 
traditional SiO2@Au NPs. Theoretically, we show both plasmon hybridization effect 













reveal an initial blue shift and then red shift with the increase of shell thickness. 
Experimental results for SiO2@Au are in excellent accordance with the FDTD 
calculations, whereas only the red shift process can be observed for SiO2@Pd and 
SiO2@Pt NPs, which is due to the difficulty in synthesizing NPs with thin enough 
shells. Moreover, the relative strengths of absorption and scattering associated with 
the LSPR of three kinds of core-shell NPs are shown. For SiO2@Pd and SiO2@Pt 
NPs, extinction is found to be dominated by absorption when shell thickness is less 
than ~20 nm, and a crossover from absorption dominance to scattering dominance 
takes place with the further increase of shell thickness. Contrarily, scattering is always 
the main decay process for SiO2@Au NPs, which contribute more than 90% intensity 
of the extinction in despite of the shell thickness. 
In the third chapter, we are successful in fabricating ultrathin gold shells with 
thickness of ~8 nm to ~34 nm on 400 nm diameter silica nanospheres. This lower 
limit of shell thickness is dependent on the surface coverage of gold seeds on the 
silica core. In the experiment, through a multiple-gold-seed-deposition process, silica 
nanospheres with high surface coverage of gold seeds could be prepared. Then we 
investigated the optical property of as-prepared gold nanoshells. We show the 
extinction peak of the as-prepared nanoparticle can reach 2.9 μm when dispersed in 
CCl4. We further investigated the effect of shell thickness on the optical property of 
core-shell nanoparticle aggregates. It is noted the plasmon band blue shifted with the 
increase of shell thickness. Finally, we prepared SiO2@Au@SiO2 nanoparticles, and 
assembled them into ordered nanoparticle arrays. Through changing the thickness of 
outer silica shell, we can adjust the interparticle distance between each inner 
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Figure 1.1. (A) Lycurgus Cup is ruby red in transmitted light (left) and green in reflected light 
(right), due to the presence of gold colloids[15]. Schematic diagrams illustrating (B) a surface 










以分为两大类：传导型表面等离激元共振 (PSPR) 以及局域型表面等离激元共振 
(LSPR) (Figure 1.1)[19]。PSPR 一般是在连续的金属膜层表面所激发得到的，如现
在 BIAcore 公司已经商业化的 SPR 光谱仪，就是利用约 50 nm 的金属膜层作为
激发平台[20-22]。对于 PSPR，表面等离子波可以在沿着金属/电介质界面在 x, y 方
向上传播数十甚至数百微米，但在垂直于金属表面的 z 方向上，表面等离子波强
度随着与膜表面垂直相隔距离的增大以 1/e 呈指数衰减，其传播范围大概在 200 
nm 左右[23]。对于 LSPR，其一般是由贵金属的非连续结构如纳米颗粒所激发得
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共振，LSPR 的消光峰位更容易调控，同时也由于 LSPR 在贵金属微纳米光学领
域的研究更为广泛，在接下来的论文中，我们以 LSPR 为例来阐明贵金属表面等
离子共振性质的相关理论及影响因素。 
1.1.2 LSPR 理论及影响因素 
在贵金属中，金和银微纳米粒子由于其在可见光激发下可以产生强烈的表面
等离激元共振现象而被广泛的研究[26]。对于金银来说，其介电常数 ε (dielectric 
constant) 包含实部与虚部两部分，并且每个部分随着激发波长的改变而改变。
其大小可用以下公式来表述： 
ε(λ)= εr(λ)+ εi(λ)         (1-1) 
其中介电常数 ε=n2，n 为物质复折射率方程 (complex refractive index function)，




贵金属纳米粒子的直径 d 远远小于激发波长 λ (d λ) 的情况下发生的。在这种情
况下，纳米粒子内部的自由电子在外界电磁场的诱导下发生同相位 (in phase) 的
振荡，这就使得在纳米粒子表面产生极化电场。同时由于自由电子偏离正电核，
使得极化电场形成的同时，电子受到相反的回复力 (restoring force) 作用。在两
种作用的共同驱使下，纳米粒子内部自由电子按照某一特定频率发生震荡，这个
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      (1-2) 
其中 εmed 为周围环境的折射率常数；λ 为激发光波长；χ 为形状因子，表示的是
纳米粒子的长径比的大小（对于球形纳米粒子 χ=2）；εr 和 εi 分别表示金属纳米粒
子介电方程中的实部和虚部。对于球形纳米粒子，|εr| εi，则 εr=-2εmed 时金属纳
米粒子的消光强度达到最大，此时即发生 LSPR。对于金、银和铜等贵金属材料，
由于其介电常数在可见光及近红外波段时实部为负数，虚部值又非常小，因而很
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